This paper presents the results of a three-year research on the effect of perforated polyethylene foil and polypropylene fibre covers on the growth of early potato cultivars at various lengths of plant covering period (2 and 3 weeks after plant emergence). Plants grown under covers were higher, produced higher mass of above-ground parts, and were characterised by a smaller value of leaf weight ratio (LWR) and leaf area ratio (LAR) compared with the cultivation without covering. In the case of plant covering for 2 weeks after emergence the mass of leaves at the time of cover removal was on average almost 2 times higher and the mass of stems over 2.5 times higher than in the cultivation without covering; the values of LWR and LAR were however smaller by 0.094 and 0.137 m 2 /kg, respectively. At the 3-week period of plant covering the differences in the mass of above-ground parts were a little smaller than at 2-week period of plant covering, and LWR and LAR were 1.4 times and 2.3 times higher, respectively. The research showed a significant effect of type of cover used on plant growth. When perforated foil was used, plants were higher and produced more mass of above-ground parts compared with polypropylene fibre usage. The most favourable effect of perforated foil covering was observed in the year with the lowest air temperature in May; 2 weeks after plant emergence, the use of perforated foil resulted in the mass of leaves and stems 1.5 times and 2.2 times as high as with the polypropylene fibre, respectively. The differences were lower when plants were covered for 3 weeks. The use of polypropylene fibre resulted in higher LWR and LAR by 0.060 and 0.276 m 2 /kg, respectively, after 2 weeks from plant emergence, and by 0.072 and 0.328 m 2 /kg after 3 weeks from plant emergence.
The success of potato cultivation for an early crop depends to a higher degree on weather conditions in the initial period of plant vegetation. Soil temperature is the most limiting environmental factor for the early planting of potato (Sale 1979 , Nishibe et al. 1989 . Too low soil temperature not only retards the date of planting, but also slows down the emergence and inhibits the initial plant growth. This results in longer growth of aboveground plant parts and in delayed tuber setting. Favourable microclimatic conditions at the beginning of plant vegetation may be provided by the use of covers directly on the planted field. The use of cover facilitates the emergence and further crop growth and development in the period when weather conditions are less favourable for early potatoes (Hamouz and Rybáček 1988 , Michaud et al. 1990 , Rekowska et al. 1999 , Hamouz et al. 2006 , Wadas and Kosterna 2007a . The effect of cover application depends on the length of plant covering period. Plant covers left too long after the emergence reduce the amount of solar radiation received by a plant and may limit the development of assimilation leaf area ( Jenkins 1993 , Gimenez et al. 2002 .
This paper presents the results of the three-year research on the effect of perforated polyethylene foil and polypropylene fibre covering on the growth of early potato cultivars at various lengths of plant covering period.
MATERIAL AND METHODS
The effect of cover type (perforated polyethylene foil, polypropylene fibre) and the date of its removal (2 and 3 weeks after plant emergence) on the growth of early potato cultivars Aksamitka and Cykada was investigated. The experiment was carried out at the Agricultural Experimental Station of University of Podlasie in Siedlce, in the years [2002] [2003] [2004] . The Experimental Station is situated in the middle-eastern part of Poland, where thermal conditions are less favourable for potato cultivation for early harvest. The field experiment was established in the splitblock method with a control object without covering, in three replications, on a light soil, characterized by mean to very high content of available phosphorus, low to mean content of potassium, mean to high content of magnesium, and pH 6.1-6.7. In three successive years seed potatoes, presprouted for 8 weeks at the temperature of 12-15°C, were planted on 9, 16 and 13 April, respectively, with row spacing of 0.30 m and 0.625 m between rows. The average length of sprouts at the time of planting amounted to 15-20 mm. The plots were four rows wide and 6 m long. Materials used in the experiment were perforated polyethylene foil with 100 holes of diameter 0.01 m per 1 m 2 and polypropylene fibre Pegas Agro 17UV. The covers were spread on the ground immediately after planting. Depending on the year and the cultivar, full plant emergence under covers was observed after 22-24 days from planting, and in the control object without covering 2-6 days later. A higher increase in the soil temperature, on average by 1-2°C, under perforated foil rather than under polypropylene fibre caused earlier plant emergence by 1-2 days (Wadas and Kosterna 2007a) . The covers were removed 2 or 3 weeks after plant emergence. Immediately after the removal, the height of plants, mass of leaves, mass of stems, leaf weight ratio (LWR) and leaf area ratio (LAR) were determined. The measurements were made on four successive plants per plot. LWR and LAR were defined as a ratio of mass of leaves/mass of the whole plant and a ratio of assimilation leaf area/mass of the whole plant, respectively (Pietkiewicz 1985) .
The results of the experiment were analysed statistically by means of analysis of variance. The analysis of the results was conducted using the orthogonal contrast to compare the control object without covering with the remaining objects. The significance of differences was verified using the Tukey's test at P = 0.05.
In the threeyear period of the study, the most favourable weather conditions for potato cultivation for the early crop were in 2002 (Table 1 ). In 2003, a very cold first half of April with temporary snow did not allow the early potato planting, however, a considerable warming at the end of the month favoured an early plant emergence. The drought in the first decade of May had no effect on early plant growth. In contrast, the year 2004 was very cold and it received the highest amount of precipitation. The second half of April and the beginning of May were quite warm but in the second decade of May the weather got cooler and remained such till the end of the month. The lower temperature after emergence retarded plant growth.
RESULTS AND DISCUSSION
The growth of plants depended to a higher degree on the weather conditions. More favourable conditions for quick growth of potato plants were in 2002 and 2003, with a higher air temperature in May, than in the cold year 2004 (Tables 2 and 3). The use of covers in potato cultivation for early crop significantly affected the growth of plants. The plants grown under covers are more uniform and higher Rybáček 1988, Rekowska et al. 1999) , which was confirmed in the present discussed study. At the time of cover removal, the plants covered for 2 weeks after emergence were on average by 0.116 m higher, and after 3-week period of plant covering by 0.152 m higher than in the control object without covering (Tables 2 and 3 ).
In the study carried out by Rekowska et al. (1999) in the northwestern part of Poland, the plants grown under covers were on average by 0.064 m higher.
The research showed a significant difference between the height of the plants of Aksamitka and Cykada cultivars. In the case of plant covering for 2 weeks after emergence, the plants of Cykada were on average by 0.057 m higher, and with covering for 3 weeks after emergence by 0.030 m higher than those of Aksamitka cultivar (Tables 2 and 3 ). The highest differences between the studied cultivars in the initial period of plant growth were found in The height of plants depended on the type of covers (Tables 2 and 3 ). The use of perforated foil resulted in a higher potato plant growth rate than the use of polypropylene fibre. Plant covering with perforated foil resulted in plants that were on average by 0.045 m higher after 2 weeks from emergence and by 0.070 m higher after 3 weeks from emergence. The most favourable effect of perforated foil use on plant growth was observed in 2004, with the lowest mean air temperature in May. When perforated foil was used, the plants were on average by 0.091 m higher after 2 weeks from emergence, and by 0.129 m higher after 3 weeks from emergence compared with polypropylene fibre. In the study carried out by other authors, when perforated foil was applied, plants were on average by 0.027 m higher than when polypropylene fibre was used (Rekowska et al. 1999) .
Plants grown under covers produce higher mass of above-ground part (Hamouz and Rybáček 1988) , which was confirmed in the present study. At the time of cover removal, the mass of leaves of plants covered for 2 weeks after emergence was, on average, by almost twice as high, and after a 3-week period of plant covering it was 1.6 times as high as in the control object without covering; however, the mass of stems was over 2.5 times as high, independently of the date of cover removal (Tables 4-7) . The effect of covering on the mass of leaves depended to a higher degree on the weather conditions. The highest increase in the mass of leaves as a result of covering was obtained in 2004, with the lowest mean air temperature in May. In this year, the mass of leaves of plants covered for 3 weeks after emergence was 2.5 times as high at the time of cover removal as in the control object without covering.
The research showed significant differences between the mass of leaves and stems of the Aksamitka and Cykada cultivars (Tables 4-7) . In the case of plant covering for 2 weeks after emergence, the leaf mass of Cykada at the time of cover removal was on average by 0.012 kg (26%) higher and the mass of stems by 0.014 kg (40%) higher than the respective values of Aksamitka. The highest difference between the studied cultivars was found in 2004, with the lowest air temperature and simultaneously the highest rainfall in May. The leaf mass of Cykada, more tolerant to wet conditions, was on average 1.7 times as high, and the mass of stems 2.2 times as high as Aksamitka at the time of cover removal. The mass of leaves of Cykada plants covered for 3 weeks after emergence was on average by 0.007 kg (11%) higher, the mass of stems being similar. The use of covers caused a higher increase in the mass of above-ground parts of Cykada cultivar.
The present study showed a significant effect of the type of cover used on the mass of above- LSD (P = 0.05) for: years = 0.013, comparison of the control object with the rest (contrast) = 0.009, cultivars = 0.006, years × cultivar = 0.010, contrast × cultivar = 0.008, type of cover = NS (not significant), years × type of cover = 0.015 ground plant parts, especially in the year with cold spring (Tables 4-7) . A higher soil and air temperature under perforated foil causes quicker plant growth than polypropylene fibre. In 2004, with lowest air temperature in April and May, the use of perforated foil resulted in 1.5 times higher mass of leaves and 2.2 times higher mass of stems 2 weeks after the plant emergence compared to polypropylene fibre. The differences were lower when plants were covered for 3 weeks. The study LSD (P = 0.05) for: years = 0.012, comparison of the control object with the rest (contrast) = 0.008, cultivars = 0.005, years × cultivar = 0.009, contrast × cultivar = 0.007, type of cover = 0.009, years × type of cover = 0.016, years × cultivar × type of covers = 0.018 LSD (P = 0.05) for: years = 0.016, comparison of the control object with the rest (contrast) = 0.011, cultivars = NS (not significant), years × cultivar = 0.016, type of cover = 0.018 carried out by Rekowska et al. (1999) did not show a significant effect of the type of cover used on the diameter of leaf rosette. The growth of individual plants is described by the leaf weight ratio (LWR) and leaf area ratio (LAR). These ratios are a genetic feature of a cultivar and phase of plant development, but their values can be modified by weather conditions (Zrůst et al. 1999 , Rykaczewska 2004 ). The lowest LWR and LAR values were recorded in 2002, with LSD (P = 0.05) for: years = 0.042, comparison of the control object with the rest (contrast) = 0.029, cultivars = 0.019, type of cover = 0.031 the highest mean air temperature and the lowest total rainfall in the first and second decade of May (Tables 8-11 ). Zrůst and Čepl (1991) showed a significant relation of potato tuber yield with LAR, especially for leaf type cultivars. The LAR value decreases almost linearly as plants develop.
This is a result of a decreasing share of assimilation tissues in the whole plant mass. During ontogenesis the share of assimilation organs in the mass of the whole plant (LAR) decreases more quickly than specific leaf area (SLA). A temporary increase of the LAR value can result from a sud- LSD (P = 0.05) for: years = NS (not significant), comparison of the control object with the rest (contrast) = 0.163, cultivars = 0.102, years × cultivar = 0.176, type of cover = 0.195 den improvement in environmental conditions, e.g. after a drought period or a period of frosts (Pietkiewicz 1985 , Rykaczewska 2004 . A change in the conditions in the initial period of potato growth as a result of covering had a significant effect on LWR and LAR. When plants were covered for 2 weeks after emergence, LWR was on average by 0.094 smaller at the time of cover removal; 3-week covering resulted in values by 0.144 smaller compared with the control object without covering; the LAR value was by 0.137 m 2 /kg and 0.331 m 2 /kg smaller, respectively (Tables 8-11 ). After 2 weeks from plant emergence, the average values of LWR and LAR of Aksamitka cultivar were higher than the values obtained for Cykada. Later, the LWR and LAR values of the studied cultivars were modified by weather conditions. In 2002, with the highest mean air temperature and the lowest total rainfall in the first and second decade of May, the LWR and LAR of Cykada cultivar, more tolerant to wet conditions, were higher than those of Aksamitka (Tables 8-11 ).
The present study showed a significant effect of the type of cover used on LWR and LAR. The use of polypropylene fibre was associated with LWR that was on average by 0.060 and 0.072 higher after 2 and 3 weeks from plant emergence, respectively, compared with the use of perforated foil; the LAR value was by 0.276 m 2 /kg and 0.328 m 2 /kg higher, respectively (Tables 8-11). A higher LAR value associated with the use of polypropylene fibre indicates that more delicate and thinner leaves have been produced.
